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Abstract 
The aim of this research is to obtain a gridded hydrological runoff dataset for Great Britain (GB) that can be 
compared with other gridded climate data such as temperature, precipitation and satellite-derived vegetation 
parameters. The source data are an extended version of a network of relatively undisturbed river catchments 
identified by Bradford and Marsh[1].  
Gridded datasets with a 10km2 resolution were created using both ordinary and universal kriging methods; the 
latter with topography as a predictor variable. Cross-validation was used to evaluate the quality of the two prediction 
methods. The universal kriging method resulted in a better gridded GB wide runoff dataset, which also accounted for 
variation in catchment elevation, over the period of 1959-2008. Several comparisons of outputs by the two kriging 
methods are provided. 
This paper builds on a previous study by Hannaford and Marsh[2], who assessed trends in GB runoff using the 
same original network of undisturbed river catchment, by allowing additional spatial and temporal comparisons with 
climatic data to be examined that was not possible with their original work. 
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1. Introduction 
Krakauer & Fung[3] demonstrated that the creation of a gridded runoff dataset from historic river data 
from across the coterminous United States allows the investigation of temporal and spatial runoff trends. 
They compared the gridded runoff dataset with other climatic datasets such as temperature and 
precipitation. The dataset by Krakauer and Fung[3] was based on the Hydro-Climatic Data Network 
gauges, which are situated in catchments with limited anthropogenic influences, thus changes in land-
cover or water diversion over time are small. Hannaford and Marsh[2] used a point dataset to explore 
temporal and spatial trends in historic river flow across GB, however it is apparent from Krakauer and 
Fung’s[3] work that a gridded dataset offers more opportunity than a point dataset to compare spatial 
trends with other gridded climatic datasets. Therefore, to enable a similar study for GB to that of 
Krakauer and Fung[3] a temporal gridded dataset of runoff would be needed.  
Bradford and Marsh[1] have previously identified a network of relatively undisturbed river 
catchments across GB from the National Gauging Station Network. Due to the relatively undisturbed 
nature of these catchments the effects of land-cover change on runoff will be limited[1]. An updated 
version of this dataset from a wider range of catchments was used as a basis for a gridded dataset, 
enabling analysis not previously possible with the original dataset, as used by Hannaford and Marsh[2]. 
The aim of this research is to create a gridded dataset using both ordinary kriging and universal 
kriging methods and test the gridded products obtained by these for consistency. The gridded product 
from the preferred method will be used in future studies to investigate temporal correlations and spatial 
trends between historic river flow data and other climatic variables, whilst limiting the influence of land-
cover change for GB.  
2. Data and Methodology 
The gridded time-series for GB was produced using daily flow data from an updated list of gauging 
stations to that used by Hannaford and Marsh[2]. To obtain a gridded (annual) runoff dataset the flow per 
catchment in m2s-1 was divided by the catchment sizeb to obtain runoff in mm day-1, therefore accounting 
for differing catchment sizes. These daily flow data were then summed (mm year-1) for each gauge; only 
gauges were included with complete annual records. An annual point data set was produced containing 
the annual runoff value (mm year-1) for all sample locations for each year and their relative spatial 
location.  
The runoff data were log transformed to a near normal distribution. The first analysis used ordinary 
kriging. Several properties of the output data were explored including; anisotropic tendencies and extreme 
values. Cross-validation demonstrated that ordinary kriging did not necessarily give the best result and 
even by accounting for an anisotropy ratio of 1:0.4, the improvement was limited. An investigation into 
gauging station mean annual runoff values showed that the sample points with a high mean runoff lay in 
areas of high elevation and that sample points with a low mean runoff tended to be located within low 
lying areas (Fig 1a & b). This correlation was significant (r2=0.77; p0.001) (Fig 2). The second analysis 
used universal kriging with the additional information on topography derived from a subset of the ASTER 
GDEM datasetc, which was re-sampled to the same 10km2 grid used in the kriging process. This second 
product, using elevation as a predictor variable, produced a more detailed prediction for runoff. 
 
 
 
b Available from  <www.ceh.ac.uk/data/nrfa/data/search.html>
c Available from  <www.ersdac.or.jp/GDEM/E/1.html> 
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Fig 1. (a) Map showing gauging station locations, with symbols scaled to reflect mean runoff over the period 1939 to 
2010; (b) subset of the ASTER GDEM dataset re-sampled to a 10km2 grid. 
 
 
 
Fig 2. Correlation between the mean logged runoff data and the square root of the elevation data. 
a) b) 
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3. Results and Discussion 
The prediction was back transformed and the temporal mean runoff was plotted (Fig 3). This showed 
a slight but steady increase in annual runoff for the whole of GB for the period 1959 to 2008, for both 
predictions, possibly reflecting precipitation for the same period. The mean predicted runoff was 
consistently lower for the universal kriging (Fig 3). The spatial mean of the runoff prediction for both 
kriging methods was then mapped to show the distribution across the whole study area. This revealed that 
both mean predicted runoff ranged from ~100mm to 2500mm; the west coast having the majority of the 
high runoff values, with the highest values found in west Scotland, north Wales and over the Lake 
District; the south-east of England had the lowest runoff values (Fig 4a & b). The ordinary kriging 
prediction was also less detailed (Fig 4a). When the mean 1959-2008 prediction residual values for the 
universal kriging are mapped, they showed little spatial structure, however some possible problem areas 
are highlighted (Fig 4d). The prediction residuals for the ordinary kriging had more clustering, 
particularly in areas of higher elevation (Fig 4c). 
 
 
Fig 3. Mean predicted runoff for the GB from 1959 to 2008 with a Lowess smoothing curve fitted for both ordinary 
kriging (red) and universal kriging (blue) predictions 
 
Cross-validation results for both kriging methods were plotted as a time-series to help identify periods 
of poor quality predictions. Years 1959 to 2008 had a mean prediction error was close to zero, meaning 
that the mean residual is small for the annual prediction over this period of time (Fig 5a). This is likely to 
be due to the increasing spatial availability and recording consistency of the runoff datasets over time (Fig 
5b). Therefore, it was decided that for the purpose for which this dataset designed, the gridded time-series 
would be limited to the period 1959 to 2008 to maximise the quality of the spatial prediction. 
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Fig 4.(a). Mean predicted runoff 1959-2008 from ordinary kriging, with an anisotropy ratio of 1:0.4 in a northerly 
direction; (b) Mean predicted runoff 1959-2008 from universal kriging using elevation as a predictor variable; (c) 
Map of spatial distribution of the prediction residuals for ordinary kriging, with an anisotropy ratio of 1:0.4 in a 
northerly direction; (d) Map of spatial distribution of the prediction residuals for universal kriging prediction. 
a) b) 
c) d) 
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Fig 5. (a) Mean prediction error for both ordinary and universal kriging; (b) number of records used. 
4. Conclusion 
The use of runoff time-series from relatively undisturbed catchments along with the use of spatial 
statistical prediction methods, allowed the production of a GB wide gridded runoff dataset with a 10km2 
resolution, accounting for variation in catchment hydrological properties and spanning the period of 1959 
to 2008. The use of elevation data as a predictor variable for the universal kriging process resulted in an 
improved prediction for the time-series than would otherwise have been possible using ordinary kriging 
methodology. This gridded runoff dataset will allow spatial and temporal comparisons with gridded 
climate data such as temperature, precipitation, and satellite-derived vegetation parameters. 
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